Health-related quality of life (HRQL) is often diminished in patients with ulcerative colitis.
SUMMARY Background
Health-related quality of life (HRQL) is often diminished in patients with ulcerative colitis.
Aim
To evaluate the effects of vedolizumab on HRQL in patients with ulcerative colitis.
Methods
Using maintenance phase data from the GEMINI 1 study, an analysis of covariance model was used to calculate mean differences between the vedolizumab and placebo groups in changes from baseline to week 52 for 3 HRQL instruments: The Inflammatory Bowel Disease Questionnaire (IBDQ), 36-Item Short Form Health Survey (SF-36), and EQ-5D. Proportions of patients meeting minimal clinically important difference (MCID) thresholds for changes on these instruments were compared between treatment groups for the overall population and for clinically important subgroups. Concordance between clinical remission and remission defined using IBDQ scores was examined.
Results
Compared with placebo-treated patients, vedolizumab-treated patients had greater improvements (152-201%) in IBDQ, EQ-5D visual analogue scale (VAS), and EQ-5D utility scores. Greater proportions (6.9-19 .9%) of vedolizumab-treated patients than placebo-treated patients met MCID thresholds for all the instruments. Vedolizumab-treated patients with lower baseline disease activity and those without prior tumour necrosis factor (TNF) antagonist failure had greater HRQL improvements. Among 127 patients with clinical remission based on complete Mayo Clinic scores, >80% also had IBDQ remission; >70% of the 150 patients with IBDQ remission demonstrated clinical remission.
Conclusions
Vedolizumab therapy was associated with significant improvements in HRQL measures compared with placebo. Benefits were greater in patients with lower disease activity and no prior TNF antagonist failure.
INTRODUCTION
Ulcerative colitis is a chronic inflammatory disease characterised by episodes of active disease interspersed with periods of remission. 1, 2 Its symptoms, which include rectal bleeding, increased stool frequency, and abdominal cramps, adversely affect health-related quality of life (HRQL). 1, 2 Results from a large European survey indicated that approximately three-quarters of patients with ulcerative colitis reported that symptoms interfere with their ability to enjoy leisure activities; almost 70% stated that symptoms negatively affect work performance. 3 Although disease activity is strongly inversely correlated with HRQL as assessed by both generic and disease-specific instruments, 1, 2, 4-6 it does not fully account for HRQL status; some patients report poor HRQL even during periods of low disease activity. 2, 7, 8 Numerous studies have suggested that perceived stress level, anxiety or depression, female sex, coexisting fatigue, and number of relapses are independent determinants of low HRQL in patients with inflammatory bowel disease [9] [10] [11] [12] [13] [14] [15] [16] ; however, this area remains poorly understood. Vedolizumab (ENTYVIO; Takeda Pharmaceuticals America, Inc.; Deerfield, IL, USA) is a gut-selective antia 4 b 7 integrin monoclonal antibody that is approved in multiple jurisdictions for treatment of adults with moderately to severely active ulcerative colitis. The efficacy and safety of vedolizumab therapy for ulcerative colitis were established in GEMINI 1, a phase 3, randomised, double-blind, placebo-controlled, 52-week study with induction and maintenance phases. 17 Although multiple disease-specific and generic HRQL instruments were used in GEMINI 1, the effects of vedolizumab therapy on HRQL have not been examined thoroughly. Specifically, the magnitude of HRQL changes for individual instrument domains and data from clinically important subgroups have not been reported. Our objectives were to use maintenance phase data from GEMINI 1 to evaluate (i) changes from baseline in HRQL by treatment group using disease-specific and generic instruments; (ii) effects of vedolizumab overall and in clinically important subgroups based on disease severity at baseline and prior tumour necrosis factor (TNF) antagonist failure status; (iii) proportions of patients by treatment group with clinically meaningful improvements from baseline in measures of HRQL; and (iv) the degree of concordance between remission as defined by Mayo Clinic scores and remission defined by Inflammatory Bowel Disease Questionnaire (IBDQ) scores and examine potential explanations for discordance between these metrics.
MATERIALS AND METHODS

Study design
The methods of GEMINI 1 have been described previously (ClinicalTrials.gov number NCT00783718). 17 The study protocol, all applicable amendments, and informed consent documentation were reviewed and approved by the institutional review board(s) or independent ethics committee(s) at each participating investigational centre. Figure S1 (published online) provides an overview of the study design. Two patient cohorts were screened and enrolled. During the induction phase (weeks 0-6), patients in cohort 1 were randomly assigned to receive double-blind treatment with vedolizumab 300 mg or placebo at weeks 0 and 2. The second cohort was enrolled to fulfil sample size requirements for the maintenance phase; these patients received open-label vedolizumab 300 mg at weeks 0 and 2 during the induction phase. A maintenance phase (weeks 6-52) followed, wherein patients from cohorts 1 and 2 with a clinical response to vedolizumab (defined as a reduction in complete Mayo Clinic score of ≥3 points and a decrease of ≥30% from the baseline score with a decrease of ≥1 point on the rectal bleeding subscale or an absolute rectal bleeding score of 0 or 1) at week 6 of the induction phase were randomly assigned (1:1:1) to receive placebo, vedolizumab 300 mg every 4 weeks, or vedolizumab 300 mg every 8 weeks. These patients comprised the maintenance intention-to-treat population. Patients who did not respond to vedolizumab during the induction phase continued to receive vedolizumab 300 mg every 4 weeks during the maintenance phase, and patients who received placebo during the induction phase continued to receive placebo every 4 weeks during the maintenance phase.
Health-related quality of life assessments Health-related quality of life was assessed by the IBDQ, 36-Item Short Form Health Survey (SF-36), and EQ-5D, which were administered at screening (baseline) and before dosing at weeks 6, 30, and 52 and at the early termination visit if applicable. The IBDQ is a 32-item, disease-specific instrument that has been validated for use in ulcerative colitis 18 EQ-5D includes a visual analogue scale on which health status is rated from 0 (worst imaginable) to 100 (best imaginable). EQ-5D utility scores were derived on the basis of UK population-based preference weights and a previously described scoring algorithm.
24, 25
Patient subgroups Health-related quality of life for each treatment group was assessed for the maintenance intention-to-treat population overall and for patient subgroups defined by baseline Mayo Clinic score (<9 or ≥9 points) and by prior TNF antagonist failure status.
Statistical analyses
Descriptive statistics were used to summarise patient demographics, baseline characteristics, and concomitant therapy use. All statistical analyses described herein were performed post hoc. For scores on the IBDQ (total), IBDQ subscales, SF-36 mental component summary and SF-36 physical component summary, SF-36 subscales, EQ-5D visual analogue scale, and EQ-5D utility index, adjusted mean changes from baseline to week 52 were calculated for each treatment group using an analysis of covariance model. The mean, standard error, and 95% confidence interval (CI) for differences in mean changes from baseline between each vedolizumab group and the placebo group were also calculated. Missing data were imputed using the last observation carried forward approach. The same methodology was used to evaluate changes from baseline for each HRQL instrument score among patient subgroups defined by baseline Mayo Clinic score and by prior TNF antagonist failure status. The SF-36 mental component summary and physical component summary scores were normalised to the general US population, with a mean score of 50 points and a standard deviation (s.d.) of 10 points. 20 For each treatment group, means and associated 95% CIs for SF-36 mental component summary score, physical component summary score, and each subscale score were calculated for baseline and week 52. Mean scores at week 52 were compared with US population norms. The 95% CI of the US population norm was calculated as 50 AE 1.96 9 [10/ sqrt (n for the treatment group)]; if the 95% CI of the mean of the SF-36 parameter for the treatment group did not overlap with the 95% CI for the US population norm, the treatment mean was considered significantly different from the US norm. For each HRQL instrument, the minimal clinically important difference threshold was defined on the basis of published literature as follows: a change of ≥16 points for IBDQ 26 ; a change of ≥5 points for both the SF-36 mental component summary and SF-36 physical component summary 27 ; a change of ≥10 points for the EQ-5D
visual analogue scale 27 ; and a change of 0.5 times the population s.d. at baseline for the EQ-5D utility index. 28 The number and proportion of patients in each treatment group who met the minimal clinically important difference threshold at week 52 for each HRQL instrument were calculated, as were the number and proportion of patients in each treatment group with a week-52 IBDQ total score of ≥170 points. The last observation carried forward approach was used for imputation of missing data before determining whether minimal clinically important difference thresholds were met.
Concordance between clinical and IBDQ-defined remission
Concordance between remission as defined by clinical measures and remission as defined by IBDQ scores was calculated. Two definitions of clinical remission were used: complete Mayo Clinic score clinical remission was defined as a complete Mayo Clinic score ≤2 points and no individual subscore >1 point, and partial Mayo Clinic score clinical remission was defined as a partial Mayo Clinic score ≤2 points and no individual subscale score >1 point. 29 IBDQ remission was defined by an IBDQ total score ≥170 points. Missing data were considered as nonremitters in the analyses. Two-by-two tables displaying concordance and discordance between these measures were generated, along with Kappa statistics to show the strength of agreement. The Kappa statistic can be interpreted as follows: less than chance agreement, <0; slight agreement, 0.01-0.20; fair agreement, 0.21-0.40; moderate agreement, 0.41-0.60; substantial agreement, 0.61-0.80; almost perfect agreement, 0.81-0.99. 30, 31 Differences between the concordant and discordant groups in demographic and other baseline characteristics were examined using descriptive statistics.
RESULTS
Study patients
In the GEMINI 1 study, 373 patients were randomly assigned to receive maintenance treatment with placebo (n = 126) or 300 mg of vedolizumab every 8 weeks (n = 122) or every 4 weeks (n = 125). 17 No clinically important differences between groups in demographics, baseline patient characteristics, or concomitant therapies were noted (Table 1) . For all treatment groups, mean SF-36 mental component summary scores at baseline were >10 points below the average for the general US population (i.e. 50 points), 20 whereas mean baseline physical component summary scores were slightly higher. As required by the protocol, all patients had experienced a clinical response over the course of 6 weeks, having received two 300-mg infusions of vedolizumab during the induction phase.
Health-related quality of life By week 52, mean differences from the placebo group in changes from baseline scores on the IBDQ (total and all subscales) and the EQ-5D visual analogue scale were statistically significant and generally of similar magnitude for both vedolizumab groups (Table 2 ). For EQ-5D utility scores, a significant difference from the placebo group was seen only for the vedolizumab every 4 weeks group (Table 2) . Among patients with lower baseline disease activity (Mayo Clinic score <9 points), both vedolizumab groups had significantly greater improvements from baseline to week 52 (relative to the placebo group) on all HRQL measures, with the exception of EQ-5D utility score (Table 3 ). In patients with higher baseline disease activity (Mayo Clinic score ≥9), the vedolizumab every 8 weeks group, but not the vedolizumab every 4 weeks group, had significantly greater improvements from baseline than the placebo group for all measures of HRQL (Table 3) . Among patients without prior TNF antagonist failure, improvements from baseline to week 52 on all HRQL measures were significantly greater in both vedolizumab groups than in the placebo group (Table 4) .
The mean SF-36 mental component summary and physical component summary scores for both vedolizumab groups that had responded to induction therapy were similar to US population norms at week 52 (Figure 1) . In contrast, mean scores on both domains were significantly lower than US population norms for patients who had received induction therapy and had subsequently been assigned to receive placebo. General health was the only SF-36 subscale on which the mean scores of either vedolizumab group were significantly lower than US population norms; in contrast, mean scores for the placebo group were significantly lower than US population norms for all subscales except physical functioning ( Figure S2 , published online). Overall, compared with placebo-treated patients, patients treated with vedolizumab had 152-201% greater improvements in IBDQ, EQ-5D visual analogue scale, and EQ-5D utility scores.
Compared with the placebo group, both vedolizumab groups had significantly greater proportions of patients with an IBDQ total score ≥170 points at week 52 (Figure 2) . The vedolizumab groups had significantly greater proportions of patients who met the minimal clinically important difference thresholds for IBDQ total score (every 8 weeks and every 4 weeks), SF-36 physical component summary score (every 8 weeks only), and EQ-5D visual analogue scale score (every 8 weeks and every 4 weeks) at week 52 ( Figure 2 ) than the placebo group did. Overall, the percentage of patients who met minimal clinically important difference thresholds for the IBDQ, SF-36 physical component summary scale, SF-36 mental component summary scale, EQ-5D visual analogue scale, and EQ-5D utility score was 6.9-19.9% greater with vedolizumab than with placebo.
Concordance between clinical and IBDQ-defined remission More than 80% of patients with clinical remission at week 52 also had IBDQ remission (108/127 based on complete Mayo Clinic score, 129/159 based on partial Mayo Clinic score). Among the 150 patients with IBDQ remission at week 52, more than 70% had concomitant clinical remission (n = 108 based on complete Mayo Clinic score, n = 129 based on partial Mayo Clinic score).
Approximately 84% of patients had concordance between remission defined by both IBDQ and clinical measures (Table 5) . Concordance with IBDQ remission did not differ substantially (<3%) from clinical remission as defined by either complete or partial Mayo Clinic scores. Kappa statistics showed substantial agreement between IBDQ remission and clinical remission [0.65 (95% CI, 0.57-0.73) based on complete Mayo Clinic score; 0.72 (95% CI, 0.65-0.79) based on partial Mayo Clinic score]. Although most demographic and baseline characteristics were similar among the concordant and discordant groups, concordance appeared to be more common in males, patients with a disease duration <3 years, and patients with baseline Mayo Clinic scores of 9-12 points (data not shown). Patients who received placebo during the randomised maintenance phase had received induction doses of vedolizumab at weeks 0 and 2.
* n = 125 for the baseline EQ-5D visual analogue scale score. † n = 121 for the baseline IBDQ, SF-36 physical component summary, SF-36 mental component summary, EQ-5D visual analogue scale, and EQ-5D utility scores. ‡ n = 124 for baseline IBDQ and n = 123 for the baseline SF-36 physical component summary, SF-36 mental component summary, EQ-5D visual analogue scale, and EQ-5D utility scores. § From Feagan et al. 17 ; also refer to Feagan et al. for disease localisation, faecal calprotectin level, and steroid dose. ¶ This patient from induction cohort 2 had a Mayo Clinic endoscopic subscale score of 1 point and a Mayo Clinic score of 8 points at baseline; therefore, the patient violated the inclusion criteria but was included in the maintenance intention-to-treat population. ** Week 6 of the study was the first week of the maintenance phase. 
DISCUSSION
Health-related quality of life evaluations are now routinely accepted as outcome measures in clinical trials of new medical therapies for ulcerative colitis. Accordingly, the GEMINI 1 trial used several generic and diseasespecific HRQL instruments at multiple time points throughout the study. At week 6 (i.e. the first week of the maintenance phase) of GEMINI 1, all participants in the maintenance intention-to-treat population had demonstrated a clinical response to vedolizumab induction therapy (Table 1) . Following maintenance randomisation, clinically meaningful and statistically significant improvements in both vedolizumab groups compared with placebo were observed for most HRQL measures. For example, following induction, the mean week-6 IBDQ scores for the vedolizumab every 8 weeks and every 4 weeks groups and the placebo group were 171, 169, and 171 points, respectively. At week 52, the corresponding values were 172, 173, and 150 points. Given that a total IBDQ score ≥170 denotes remission, these data indicate that most patients treated with vedolizumab over the longer term can be expected to have improved HRQL. Similarly, although participants' week 6 SF-36 mental component summary scores were less Missing data were imputed using the last observation carried forward approach. Bolded 95% CIs indicate significant differences from the placebo group.
* Adjusted mean changes from baseline to week 52 were calculated for each treatment group using an analysis of covariance model.
Aliment Pharmacol Ther 2017; 45: 264-275than US population normative values, patients who continued vedolizumab treatment achieved, on average, normal scores at the end of 52 weeks of therapy, whereas those who received placebo showed minimal improvement. These treatment-related benefits parallel those observed in clinical outcomes such as remission, response, and mucosal improvement. At one level, this observation is not surprising because clinical disease activity is a major determinant of HRQL in patients with ulcerative colitis 1, 2, 4-6, 32, 33 ; however, ulcerative colitis is a complex disease that may adversely affect patients' social life, employment status, and psychological functioning, [34] [35] [36] and these domains may not improve after a relatively short course of therapy during a lifetime disease experience. More than 80% concordance was demonstrated between patients in clinical remission and those in IBDQ-defined remission, and Kappa statistics supported substantial agreement between the two (Table 5 ). Both discordant patient groups are interesting. Persistence of impaired HRQL in the presence of clinical remission may relate to other covariates such as coexisting depression or socioeconomic status. Unfortunately, this study had limited capacity to assess whether these factors were responsible for discordance. A comparison of demographic and baseline characteristics collected for the trial suggested that concordance was more common among males, patients with shorter disease duration, and those with higher baseline Mayo Clinic scores. These post hoc analyses were limited to descriptive statistics but could be useful in hypothesis generation for further research.
Patients who fail to meet the criteria for clinical remission while in IBDQ-defined remission are also of interest. A substantial proportion of this subset of discordance (54.8%) was due to failure to achieve a Mayo Clinic endoscopic score of 0 or 1. This observation further emphasises the need for objective assessment of inflammatory disease activity in guiding therapy for ulcerative colitis given the evolving belief that endoscopically defined treatment targets are preferable to those based on patient-reported outcomes 35 ; however, 35.7% of patients who met endoscopic remission criteria failed to meet patient-reported outcome criteria, including bleeding (4.8%) and stool frequency (4.8%) criteria. Persistence of increased stool frequency in the presence of Missing data were imputed using the last observation carried forward approach. Bolded 95% CIs indicate significant differences from the placebo group.
* Adjusted mean changes from baseline to week 52 were calculated for each treatment group using an analysis of covariance model. † n = 69 for the placebo group except for the EQ-5D visual analogue scale score (n = 68). ‡ n = 57 for the placebo group. Missing data were imputed using the last observation carried forward approach. Bolded 95% CIs indicate significant differences from the placebo group.
* Adjusted mean changes from baseline to week 52 were calculated for each treatment group using an analysis of covariance model. † n = 38 for the placebo group except for the EQ-5D visual analogue scale score (n = 37). ‡ n = 88 for the placebo group.
Aliment Pharmacol Ther 2017; 45: 264-275mucosal improvement is a recognised phenomenon that may be due to residual histological inflammation or submucosal fibrosis that results in impaired colonic motility. 37 Further research into possible mechanisms underlying persistently increased stool frequency should be conducted in this population. The persistence of bleeding in patients with endoscopically defined remission is poorly understood and may be due to haemorrhoids or persistent disease beyond the range of the sigmoid colon that was examined.
Results from the subgroup analyses demonstrated that vedolizumab-treated patients with lower disease activity at baseline and those with no prior TNF antagonist failure generally had greater improvements (vs. placebotreated patients) in HRQL. The latter is unsurprising when one considers that patients with prior TNF antagonist failure typically demonstrate an overall poorer response to treatment than do patients with no prior TNF antagonist failure, 17, 38, 39 possibly because of prevalent non-inflammatory conditions such as stricture and malabsorption, which result from persistent inflammation over a long duration of disease. Currently, little else is known about whether ulcerative colitis therapy differentially affects HRQL among various patient subgroups, and more research is needed. In this regard, we could not confirm results from previous studies that identified female sex as a potential covariate. 13, 14 Also, we did not collect data to evaluate potential effects of coexistent depression and fatigue or the number of previous relapses. Our study had some limitations. First, SF-36 data from GEMINI 1, which was an international study, were compared with norms from the US population. Population-based norms are useful for assessing whether scores differ from expected values in a reference population, and a similar approach has been employed in previous studies. 33, 40, 41 Determining whether SF-36 scores for patients from each geographic region differ from population norms in that region would require additional analysis and comparison against normative data for each region of interest. Second, in the current analyses, a change of ≥10 points was used as the minimal clinically Missing data were imputed using the last observation carried forward approach. *Indicates that a value is considered significantly different from that of placebo (i.e. 95% CIs for the mean of the difference from placebo do not contain 0). a n = 125 for EQ-5D VAS score. b n = 121 for IBDQ Total minimal clinically important difference, SF-36 mental component summary, SF-36 physical component summary, EQ-5D VAS, and EQ-5D utility scores.
c n = 124 for IBDQ Total minimal clinically important difference; n = 123 for SF-36 mental component summary, SF-36 physical component summary, EQ-5D VAS, and EQ-5D utility scores. CI, confidence interval; HRQL, health-related quality of life; IBDQ, Inflammatory Bowel Disease Questionnaire; MCS, mental component summary; PCS, physical component summary; Q4W, every 4 weeks; Q8W, every 8 weeks; SF-36, 36-Item Short Form Health Survey; VAS, visual analogue scale.
important difference threshold for the EQ-5D visual analogue scale. Although Coteur et al. 27 estimated that the EQ-5D visual analogue scale minimal clinically important difference ranges between 4.2 and 14.8, a specific value has not been firmly established. Finally, despite the relatively large size of the trial, limited statistical power was available to identify factors predictive of HRQL improvements following vedolizumab therapy in post hoc analyses. In future research, data from larger samples will be needed to evaluate potential predictors.
CONCLUSION
These analyses indicate that patients with a clinical response to vedolizumab induction therapy have improved HRQL with continued treatment. Further research is needed to identify determinants of HRQL in patients with clinically quiescent disease.
SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article: Figure S1 . GEMINI 1 study design. VDZ doses were 300 mg.
a Induction doses were administered at weeks 0 and 2. b Patients who received PBO during the randomised maintenance phase had received induction doses of VDZ at weeks 0 and 2. PBO, placebo; VDZ, vedolizumab. Figure S2 . Mean scores at baseline (black portion of the bars) and increases in mean scores at week 52 (grey portion of the bars) for SF-36 subscales. Missing data were imputed using the last observation carried forward approach. * Indicates week 52 value that is considered significantly different from the US population norm (ie, the 95% CI of the mean of the SF-36 parameter for the treatment group does not overlap with the 95% CI of the US population norm). For all parameters, at baseline: placebo n=126, vedolizumab every 8 weeks n=121, and vedolizumab every 4 weeks n=123; at week 52: placebo n=126, vedolizumab every 8 weeks n=122, and vedolizumab every 4 weeks n=125. Patients who received placebo during the randomised maintenance phase had received induction doses of vedolizumab at weeks 0 and 2. CI, confidence interval; Q4W, every 4 weeks; Q8W, every 8 weeks; SF-36, 36-Item Short Form Health Survey.
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